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(57) Abstract 

An optical fiber network of WDM type comprises two fibers (7e, 7w) which carry light signals propagating in opposite direction 
and which arc arranged in a ring configuration, in which always one link (2) between two neighbouring nodes is inactive but provides a 
standby-link which is used for failure in another link, in the case of which the previously inactive link is made active. An add and drop (1) 
node used in the network has band blocking filters (3lc. 31w) connected in a fiber (7c, 7w) between a drop coupler (17e, 17w) and an add 
coupler (23e, 23w). taking out a share of the light power in each direction to be received- through bandpass filters (37e, 37w) in receivers 
(lie, Uw) and adding new wavelength channels produced in transmitters (13e, 13w) respectively. Switches (39e» 39w; 33e, 33w) are 
used for receiving and transmitting on the wavelength channels in correct directions. The positions of the switches can be chaiigcd when 
the inactive link (2) has to become one of the two Ihiks directly connected to the node. A very efficient use of the wavelength channeU 
m the network can then be achieved for nodes having a minimun of in-line components and particularly a minimum of in-line filtering 
components. 
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AN OFnCAL WDM NETWORK HAVING AN EFFICIENT USE OF WAVELENGTHS 

AND A NODE THEREFOR 

TECHNICAL FIELD 

The invention relates to an optical fiber network using wavelength division multiplexing 
5 (WDM) and an add and drop node for such a network. 
BACKGROUND OF THE INVENTION 

Optical midti-chaimel systems employing wavelength multiplexing are used both in new 
networks and in order to raihance the transmission capability of existing optical fiber 
networks. Thus, information channels which previously had to be transnutted on a plurality of 

10 separate fiber pairs are forwarded on a single fiber pair in WDM networks. Using optical 
wavelength division multiplexed channels means that a plurality of serial information signals, 
Le. a plurality of serial binary signals, are transmitted on the same optical fiber by 
modulating such a serial signal on a light signal, also called carrier, having a definite 
wavelength and then combining the modulated light signals in an optical coupler or optical 

15 multiplexer to a composite light signal on the considered optical fiber. The signal primarily 
modulated on a monochromatic light signal or carrier together with the carrier can be called a 
. channel or traffic channel. 

Self-healing optical fiber networks having a ring configuration are disclosed in U.S. 
patent 5,442,623, but they are not particularly adapted to WDM-signalling. A similar network 

2o designed for WDM-traffic is disclosed in the International patent application 
PCT/SE98/00136. The networks described in these documents use an extra protecting fiber 
pair between each pair of nodes. 

Optical wavelMgth multiplexing can genially be used in differrat optical fiber network 
configurations or architectures having e.g. only a single Sto&c pair between a pair of node^. 

25 Such an architecture is the FlexBus^ concept as described in B.S. Johansson et al., 
•Rexible bus: A self-restoring optical ADM ring ardiitecture", Electronics Letters, 5th Dec. 
1996, Vol. 32, No. 25, and U.S. patent application 08/421,734, this architecture comprising 
a ring configuration of optical links connecting a plurality of nodes. The FlexBus™ concq>t 
has emanated from the need for protecting ring networks against fiber cuts and optical 

30 amplifier fsdlures, and to solve the problem, often associated witii ring network architectures, 
of circulating signals and noise. In the HexBus™ architecture one section of the fiber ring is 
always made passive or inactive by means of optical switches or amplifiers. This intentionally 
introduced break effectively eliminates all problems associated with circulating signals and 
hence allows that less circuit components can be used and circuit elem«ts having Iowa 

35 performance can be used, while still retaining the shortest longest path possible. In ttie case 
of a real failure of a link, that link which previously has been intentionally made inactive is 
made active and the failed link now becomes the inactive link, what can be described by 
having the inactive link moved fix>m its former position to the Sailed section. This procedure 
is called that "the bus flexes", and thereby the traffic is restored. 



wo 99/65164 PCT/SE99/00993 

2 

In the HexBus™ channel blocking or selection filters placed in the lines are not 
needed, which alleviates the problems associated with concatenated filtering- The signal firom 
one transmitter can be sent in both directions simultaneously without causing interference, and 
the same wavelength can be used in both directions, thus allowing the same number of bi- 
6 directional connections to be set up as the number of wavdengtfas that are used in the 
n^work. 

With the maturing of filtering and switching technology it would, however, be 
b«ieficial to be able to reuse wavelmgths more than once in order to be able to set up more 
connections and thus increase network capacity for the limited number of wavelaigths that are 

10 feasible in a network with regard to available optical amplifier gain-bandwidth, realistic filter 
bandwidtfis and frequoicy stability of filters and light sources. Thus another implementation 
of a node architecture, based on the FlexBus™ but including a plurality of blocking filters 
and switdies coimected in-line, i.e. in the direct path of a fiber of the network or bus through 
the node, was invented and is disclosed in the published International patrat application WO 

15 96/31025 and is called the "Rearrangeable FlexBus™". That implementation is capable of a 
very efficient use of the wavelengths. In the published International patent application WO 
96/24998 an algorithm scheme for wavelength allocation in Rearrangeable FlexBus™ 
networks is disclosed. An add/drop node for a WDM network is disclosed in the published 
International patent application WO 98/49794 which can allow some reuse of wavelengths. 

20 SUMMARY OF THE INVENTION 

It is an object of the invention to provide an add and drop node for a network of the 
kind Rearrangeable FIkcBus™ as described above having a minimum of in-line components 
and enhancing the reliability of the network but still having the good properties of the 
FlexBus™ and the efBdent use of wavdengths as defined in the concept of the 

25 Rearrangeable FlexBus™. 

The problem to be solved by the invention is how to achieve a node construction for a 
network of the kind Rearrangeable FlexBus™ operating substantially as the nodes of that bus 
allowing an efficient wavelength allocation in the network and allowing the network and the 
nodes to operate in a reliable way. In particular, in the network, the nodes should not 

30 transmit information over links where it is not needed or where it will not be received by any 
down-stream node. 

Thus generally, an add/drop node is provided which is arranged to be connected in an 
optical fiber WDM network. The network has a ring configuration including two fibers 
carrying light signals in opposite directions. Thus, the network has links connecting 
3s neighbouring nodes. For protection, the network always has one inactive link carrying no 
light signals and the networic is constructed so that the inactive link can be made active and 
another link can be made inactive. Since the network is WDM-type, information is carried in 
the network in a plurality of sq)arate wavelength bands for the light signals. Hie add/drop 
node comprises in the conventicnial way drop couplers and add couplers for each direction for 
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taking out a share of signals at the add/drop node and for adding signals in the add/drop node 
respectively. The node fiirthrar comprises as conventional receivers and transmitters for 
receiving light signals in wavelength bands in the add/drop node and transmitters for 
transmitting light signals in wavdength bands from the add/drop node into the network. The 
6 add/drop node further comprises a band blocking filt^ arranged between a drop coupler and 
an add coupler for blocking in one direction all wavelengths which are received and/or 
terminated in the node from that direction. Preferably, the band blocking filter is arranged for 
blocking all wavelengths which are received in the node from either direction and are reused 
in the node. 

10 In the node at least one switch is provided, whid) advantageously is coimected 
according to one of the following cases: 

- to a receiver and the drop couples for allowing the receiver to receive from dther one of 
the two opposite directions , or 

- to a transmitter and the add couplers for allowing the transmitter to transmit in either one of 
15 the two opposite directions. 

Preferably, two separate switches are provided, one connected according to the first of 
said cases and one connected according to the second of said cases. 

Further switching means can be provided for letting, in a first position of the switching 
means, the light signals of a wavelengtii pass through the node in a substantially unaffected 

20 way and in a first direction. The same wavelength is then received ftt>m a second direction 
opposite to the first one. In a second diffirarent portion of the switching means they block the 
wavelength as received from the second direction. The switching means for receiving in a 
wavelength band and at each instant only in one direction can con5)rise a 2:3 switch having 
its inputs connected to bandpass filters for the wavelength band. Each bandpass filter is then 

25 connected to a drop coupler, so that the switch receives light from opposite directions. The 
2:3 switch preferably has one of its outputs connected to a receiver for the wavelength band 
and another output connected to an add coupler for light signals in a second direction opposite 
to the first one. 

The optical fib^ WDM network built from such add/drop nodes and possibly other 
30 nodes having the same or corresponding switc^g facilities allows an effici^t use of 
wavdaigths. Thus, the nodes can be arranged to use at least one wavelength band in such a 
way that the wavelength band is used by at least two sq)arate first nodes for transmitting to 
second nodes, which are differoit from each other, in a first direction and is used by only 
one third node to transmit to a fourth node in a second direction opposite to the first 
35 direction. 

In the network a transmission span can be defined to be the piece of the network 
between a node transmitting information in a wavelength band and another node receiving the 
information on the same wavelength band. Then advantageously, the transmission spans of 
the at least two sq)arate first nodes for the wavelength band in the first direction are arranged 
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not to overlap each other. The transmission span of the third node for the wavelength in the 
second direction preferably extends over the spans of the at least two separate first nodes for 
the wavelength in the first direction. 

BRIEF DESCRIFnON OF THE DRAWINGS 
i The invention will now be described by way of non-limiting embodiments with 
refi^rmce to the accompanying drawings^ in which 

Fig. 1 is a general schematic view of a prior art optical fiber network of WDM type 
using the flexible bus architecture, 

Fig. 2 is a block diagram of a prior art add and drop node of a simple configuration 
) int^ded to be used in the network of Fig. 1, 

Fig. 3 is a block diagram of an add and drop node similar to that of Fig. 2 allowing a 
limited reuse of wavelengths in the network of Fig. 1» 

Fig- 4 is a block diagram of an add and drop node allowing an efficirat reuse of 
wavelengths and intended to be used in the network of Fig. 1, 

; Fig. 5 is a block diagram of an add and drop node similar to that of Fig. 4 but having 
slightly improved transmission performance, and 

Fig. 6 is a graph illustrating the assignment of wavelengths in a network of the kind 
illustrated in Fig. 1 having nodes according to Figs. 3> 4 or 5. 
DESCRIPTION OF PREFERRED EMBODIMENTS 

> A network using the basic flexible bus structure for WDM communication on optical 
fibers is illustrated in Fig. 1. A plurality of optical, add and drop nodes 1 are connected to 
each other by links 3 to form a network or bus comprising a physical ring structure having as 
basic elements a pair of optical fibers 7e, 7w connected to form two parallel fiber rings. Each 
fiber ring carries light propagating in a definite direction, the propagation directions of the 

5 two rings being opposite to each other. Thus, in one of the fiber rings light always propagates 
in the counter-clockwise direction, in the embodiment of Fig. 1 the inner ring 7e, this 
direction being called the east direction hereinafter. In the other one 7w of the rings of the 
pair of fiber rings light always propagates in the opposite direction, i.e. in the clockwise 
direction, as seen in Fig. 1, this direction being called the west direction. A node 1 in the bus 

9 structure is thus physically connected only to two neighbouring nodes, a left node and a right 
node. The coimections of a considered node 1 thus include a left physical link 31 comprising a 
west line cable 51 and a right physical link 3r comprising an east line cable 5r, the other end 
of each link 31, 3r being connected to the neighbouring left and right node respectively. Each 
piece 51, 5r of line cables comprises a pair of optical fibers Tlw, Tlw and 7re, 7re 

B respectively, where in one 71e, 7re of the fibers of a fiber pair in a link 31, 3r light always 
propagates in one direction, as in the east direction as seen in Fig. 1, and in the other one 
71w, 7rw of the fibers of the fiber pair in a link light always propagates in the opposite 
direction, in the clockwise or west direction, as seen in Fig. 1. FurthOTnore, a node 1 is 
connected to or contains receivers 11 and transmitters 13 for converting optical signals to 
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decttical signals and vice versa, the electrical signals being transferred or received 
respectively fix)m other devices, links or networks, not shown. 

One of the links 3 of the ring structure is always deactivated, see the link 2 in Fig. 1, 
so that at least no light carrying the useful information to be transferred in the network can 

5 pass th^^through, in neither direction. This prevents that such light signals and ASE noise 
can circulate along the ring structure in several turns, ASE noise being amplified spontaneous 
emission produced in in-line optical amplifiers which are usually included m the nodes 1. 
When there is a failure in a link between neighboxiring nodes, the network can be 
reconfigured so that this link will then be the deactivated one whereas the previously deacti- 

10 vated link (2) is now activated and operates like the other active links (3) in the ring structure 
passing signals in the two opposite directions. 

A basic structure of a node 1 in the baac flexible bus structure of Fig. 1 is shown in 
the block diagram of Fig. 2. The optical WDM traffic comprising a plurality of WDM 
channels having definite, separate wavelengths, each chaimel occupying a wavelength band 

15 around the wavelength of the channel, enters the node from the left or in the east direction 
and from the right or in the west direction on the fibers Tie and 7rw respectively. The in- 
coming signals can be amplified in optional optical preaniplifiers 15e, 15w respectively in 
which the light signals are amplified. The incoming light is Ihm split in drop coupters 17e, 
17w. These couplers are optical power splitters that feed a portion of the total power of the 

20 light propagating in one direction in the bus, through an optical combining coupler 19, adding 
the deflected power portions from each direction to each other, to a bank 21 of filters, which 
can also be called an optical demultiplacer, having one or more bandpass filters for 
wavelengths used in the transmission in the network. Thus the filter bank 21 filters out 
diannels, each channel carrying mformation in a definite wavelength band. The filta^-out 

25 light signals are then forwarded to opto-dectrical recovers 11, one optical recover being 
arranged for each received channel. 

The remaining part of the light power split in the drop couplers 17e, 17w is forwarded 
through the node 1 and is in add coiq)lers 23e, 23w mixed with new traffic to be added in the 
node. This new traffic is obtained from dectro-optical transmittm 13, which each one 

30 transmits optical signals of a wavdength band or of a diannel dififrarmt from that of the other 
transmitters. The output signals of the transmitters 13 are added to each other in an optical 
combining coupler or optical multiplexer 25, the resulting combined signal then bemg ^lit in 
a splitting coupler 27 in two portions having equal power, one of the two portions being 
transmitted to one of the add couplers 23e, 23w and the other portion bring transmitted the 

35 otiicr one of the add couplers. The light signals obtained from the add couplers 23e, 23w for 
each direction are fed to the fibers 7re, Tlw, which are contained in the links 3r, 31 connected 
to the node and carrying light going out from the node, through optional optical power 
amplifiers 29e, 29w. 

In the node design as illustrated in Fig. 2 the lack of in-line blocking filters and in-line 
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switches should be observed and in particular that light propagates duough or passes the node 
in a substantially unaffected or uninterrupted way. Furthermore, the transmitters 13 are 
sending in and the receivers 11 are listening to both traffic directions simultaneously. The left 
side or the right side amplifiers 15e, 29w or 15 w, 29e respectively can be used to deactivate 

6 the respective links or segments 31, 3r connecting the node to the two neighbouring nodes. 
This is made in the case where this link is to be the deactivated one, such as in the case of a 
failure of this link. Such a failure can be caused e.g. by one of the fibers of the pair of the 
link being broken or by one of the optical amplifies connected to this link being defective. 
The bus structure and node design according to Figs. 1 and 2 are described in the above 

odted article by B.S. Johansson et al, and in the cited U.S. patent application 08/421,734. 
However, this structure only allows that a considered wavdength or channel is used once in 
the network in each direction, such as for communicating between two nodes. A node 
architecture allowing a reuse of wavelengths, i.e that a channel or wavelength is used more 
than once for transfming information in one direction, is disclosed in the cited Intanational 

5 patent application WO 96/31025 resulting in a more efficient use of available wavelengths. 
However, this prior node design has a multitude of demultiplexers and switches connected in- 
line, i.e. in the direct path of a fiber of the network or bus through the node. Still, this prior 
node allows a very efficient use of the wavelength range or equivalently a very efficient use 
of available channels. 

A design of an add and drop node based on the design according to Fig. 2 that can 
allow some reuse of wavelengths is illustrated in Fig. 3. Th^, the node structure differs 
from that of Fig. 2 only in that for each propagation direction in the bus a wavdength 
blocking or band blocking filter 31e, 31w is connected between the drop coupler 17e, 17w 
and the add coupler 23e, 23w connected to the fiber for the respective direction. The band 
blocking filters 31e, 31w block that or those wavelength bands which are terminated in the 
node for the traffic direction of the fiber, in which the respective blocking filter is connected. 
The node according to Fig. 3 has only band blocking filters connected in-line and no 
switches, what makes the node more reliable than the above-mentioned prior node allowing a 
reuse of wavelengths. In this node, like the node of Fig. 2, the same infonnation signals are 
simultaneously transmitted in the opposite directions, on botfi links connected to the node, 
what limits the possible reuse of wavdengths and does not allow moving the inactive segment 
needed for the flexbus network according to Fig. 1. Thus, some switching of channel 
directions must be provided if a node of the kind illustrated in Fig. 3 is to be used in such a 
network. 

Hence, in Fig. 4 a block diagram of the general architecture of a node for a n^work of 
the kind illustrated in Fig. 1 is shown, this node bring obtained from the node of Fig. 3 by 
adding switches and by providing filter blocks and multiplexers for each direction. It can be 
observed that the switches are not connected in-line. The only attenuating in-line elements are 
the blocking filters 31e, 31w in addition to the always necessary couplers. The node 
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architecture of Fig. 4 allows a reuse of wavelengths for networks of the flexbus type as 
illustrated in Fig. 1 resulting in an enhanced capability of the network system, i.e. that more 
nodes can be used in a network for the same number of multiplexed wavelengths. The reuse 
of wavdMgths in the node is as efficient as in the prior art node according to the cited 

5 International patent application WO 96/31025. However, the node as depicted in Fig. 4 has 
no in-line switdies and a minimum of in-line blocking filters causing a minimum of 
concatenated filtmng effects what totally makes it more efficient than the prior art node. 

For the node illustrated in Fig. 4 the light signals propagating in the east direction and 
incoming to a considered node include at least all the wavelengths X^ei, \c2> - \ \en» which 

10 correspond to aU those channels, which arrive in this direction and are both terminated and 
reused in a node in this direction. In the corresponding way the light signals propagating in 
the west direction and incoming to the considered node include at least all the wavelragths 
Kwu \w2» — » ^rwn» ^hich Correspond to all those channels for west travelling signals, 
which are both terminated in a node and reused in a node in the west direction. The two sets 

^5 Psrei. \e2^ • •» \enl ^nd p^j, X^2> • - \wnl of wavelengths terminated and reused in any 
node of die network can for example contain different wavelengths. Other wavelength chan- 
nels not included in these sets may also exist, whidi can e.g. be used for carrying 
information bidirectionally between two nodes. In the normal case, as appears fi^m Figs. 6a 
and fib, the light signals incoming to an inner node in one direction will at least include the 

zouidon of the wavelength sets mentioned, i.e. all the wavelengths X,^, Xj^q, X^^i, 

Each of the blocking filters 31e, 31w in a node according to Fig. 4 blocks only the 
wavelengtiis X^en^ei. \erme2» - ^md Krmv^i^ Krmv^i^ - respectively of those channels 
which are terminated in the node for the respective direction, the blocked wavdmgths being 

25 determined by assuming that the node is connected as an inner node at a standard position in 
the network. An end node is herein defined to be a node connected direcUy to the inactive 
link of the bus network and an inner node is defined as a node which is not an aid node. 
WhCT the inactive link 2 is relocated, i.e. when "the bus flexes**, a former end node can 
become an inner node and vice versa, but of course the same wavelengths are blocked in the 

30 node. All wavelengths which are not included in the set of wavelengths [Xfennei* Xtenne2» — 1 
of channels terminated in the east direction, are just passed through the node in the east going 
direction in a basically unaffected way. In the same way all wavelengths which are not 
included in the set of wavelengths [\^niiwi' \ennw2' --l channels not terminated in the 
node in the west direction, are just passed through the node in the west going direction in a 

35 basically uninterrupted way. 

The principle of allocating and rising a wavelength in a s^-healing annular network 
of tiie flexbus type as shown in Fig. 1 is illustrated by the diagram of Fig. 6 showing a 
flexible bus having eight nodes 1 joined in a line configuration by a bus consisting of links 3 
between neighbouring nodes and each comprising two optical fibers, the outermost nodes 
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being joined by an inactive link 2 also comprising two optical fibers. Above the line of nodes 
communication in the east direction is shown wherein a wavelength X^2 reused and a 
different wavelength ^ reused but used for transmitting information between the two 
end nodes and beneath the line of nodes is shown a symmetric use of the same wavelengths 

5 where for all communication in the west direction tiie wavelength *s reused and the 
wavelength ^ used for transmitting information between the two end nodes. 

In Fig. 6 it is seen, that a wavelength may only be reused in one of the directions on 
the bus, but can be reused m any convenient connection in that direction, as long as none of 
tiie connections, for which the wavelengtii is used, overlap each otiier. In the reverse 

lo direction, i.e. on tfie ottier fibCT of network fiber bus, the same wavelength is only allowed to 
be used once, and has to have a span that at least overiaps all of the spans for which the 
wavelength is used in tfie first direction. This implies tiiat if a wavelengtii is reused in any 
one of the directions, the recdver-transmitter pair on tiiat connection have to use different 
wavelengths. A wavelength that is terminated in a node does not have to be reused in that 

IB node, but can be used for transmission in the same direction by a node located in the same 
direction fi:om tiie considered node. The use of a wavelength for a bi-directional connection is 
only allowed if that wavelength is not used for any otiier connection in the network, this case 
not hemg illustrated in the figure. 

In Fig. 4 the same reference numerals as in Figs. 2 and 3 are used for identical or 

20 corresponding elements. In both directions in tiie middle of tiie node, tiius the blocking filters 
31e, 31w are connected between tiiat output of the drop coupler 17e, 17w which carries the 
signal to be forwarded through the node and an input of the respective add coupler 23e, 23w. 
The light signal incoming in each direction includes at least all the wavelengths, which for 
signals propagating in a considered direction correspond to all those channels, which are both 

26 terminated in a node and reused in a node of Oie system in tins direction, tfiese nodes teing 
the same one or different nodes. A wavelength channd is said to be terminated in a node rf it 
is received in tiie node, i.e. if fliere is a receiver lie or llw for tins channel in tiie node, and 
it is said to be reused in a considered node if two conditions are fulfilled, namely if it is used 
for transmission from tiic node, i.e. if there is a transmitter 13w, 13e for tius channel in the 

30 considered node, and at the same time the same channel is used for transmitting information 
in tiie same direction by anodic node. 

In the diagram of a node according to Fig. 4, which can e.g. be tiie node X in Fig. 6, 
those componwits are illustrated which are required for receiving from a node on the left or 
west side on only one waveleaigth This wavelengtii signal is tiius included in tfie total 

35 light signal travelling in the eastern direction and this wavelengtii is reused in the east going 
direction ftom tiie node in order to carry information from tiie node in tius direction. The 
directions are indicated for the case ttiat the node deleted in Fig. 4 is connected as an mnes 
node like the node X in Fig. 6. In the similar way tiiose componaits are shown in Fig. 4, 
which are required for receiving information on a single wavelength ^ reverse 
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direction, the western direction. The channel of this wavelength is thus terminated in the node 
and the wavelength is reused in the western direction for carrying information from the node. 
In this case we can then see, that the same wavelength is used for receiving signals from 
another node at one side of the considered node and for transmitting signals to another node 
6 at the opposite side of the considered node. Only the channels reused in a node have to be 
blocked by the in-line band blocking filters 31e, 31w in ttie node, but it may be advant^eous 
to block also all wavelaigths, which are terminated in the node but not reused in the node, if 
such wavelengths exist, sec the discussion of the dynanucal range of the light signal in con- 
junction with Fig. 5. 

10 In order to allow an efficient use of wavelengths and thus of the dynamical range a 
signal must only be transmitted from the considered node in that direction in which it can 
reach the node to which it is to be communicated, considering the position of the inactive link 
2. The standard connection of a node is when it is connected as an inner node and not as an 
end node, the term end node here being taken to mean a node connected direcdy to the 

IB inactive link, as indicated above. For the standard connection the transmitters of a node are in 
a natural way divided in transmitters 13e for sending in the east going direction and trans* 
mitters 13w for sending in the west going direction. Each transmitter 13e, 13w has its ou^ut 
terminal connected to a simple 1:2 switch 33e, 33w. The outputs of these transmitter switches 
33e, 33w are connected to two multiplexer blocks 35e, 35w corresponding to the multiplexer 

20 35 of Figs. 2 and 3, one mtiltiplexer block 35e for traffic in the east direction and one mul- 
tiplexer block 35w for traflBc in the west direction. The output of the multiplexer 35w for the 
west direction is connected to an input of the add coupler 23w for the fiber carrying traffic in 
the west direction and the output of the multiplexer 35e for the east direction is connected to 
am input of the add coupler 23e for the east going direction. 

25 Like the embodiments according to Figs. 2 and 3, the optional preamplifiers 15e, 15w 
are each followed by a drop coupler 17e, 17w. The drop couplers couple a smtable share of 
the power of the recd^ved light to separate blocks or banks 37e, 37w of bandpass filters, one 
block 37e containing bandpass filters for each of the wavelengths \erme2» which 

correspond to channels in the east going direction which are terminated in the node, and 

3o another block 37w containing bandpass filters for each of the wavelengths Xtennwi» \eniiw2> 
which correspond to channels carrying traffic in the west going direction and tenninated 
in die node. The output of each of the filters in such a filter block 37e, 37w, which thus 
carries a light signal of a specific wavelength or of a specific narrow wavelength interval, is 
connected to a 2:1 switch 39e, 39w, one such switch 39e, 39w thus being arranged per 

35 wavdmgth or channd terminated in the node. By means of each such switdi 39e, 39w die 
direction is chosen, from which the respective wavelength is to be received, i.e. whether it is 
to be received from the east side or from the west side in relation to the considered node. The 
output terminals of the two bandpass filters which filter out the same wavelMigth and are 
included in the two filter banks 37e, 37w are thus connected to the same 2:1 switch 39e, 
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39w. The receiver lie, Uw for a specific wavelengtii \w2 is connected to the ou^ut 

terminal of such a 2:1 switch 39e, 39w, the switch being set in the appropriate position 
depending on the location of the source of information, i.e. to the east or to the west of the 
considered node, and generally also d^ending on the location of the deactivated link segment 

5 2. All the switches 33e, 33w, 39e, 39w can be controlled by a control unit 41, programmed 
to set the switches in correct positions dq>ending on the network status, i.e. the location of 
the node in relation to the presratly inactive link 2. 

The filters in the filter blocks 37e, 37w could also be arranged direcQy in or at the 
respective receiver lie, Uw, the filter blocks then bdng replaced with power splitters, not 

10 shown, splitting the light power in equal parts, one part for each receive He, llw in the 
considered direction. 

If in the node of Fig. 3 a certain wavelength \ermek Nermwk to be received ftom 
one direction and reused in the same direction, then the same wavelength must be able to pro- 
pagate through the node on the other fiber in the opposite direction, if a maximum reuse of 

15 the available wavelengths is to be achieved, see Fig. 6 and the International patent application 
WO 96/24998 cited above describing efficient wavelength allocation. In Fig. 4 the positions 
of the switches 33e, 33w and 39e, 39w are illustrated for a node not being an end node, i.e. 
in the case in which it is not connected at one of its sides to the inactive link 2. If the "bus 
has to fiex", i.e. if the inactive link has to become active and another link has to become 

20 inactive, owing to some failure in this another link and the considered node then becomes 
connected directly to the inactive link, one of the receiver switches 39e, 39w then has to 
change its position and that one of the switches 33e, 33w connected to a transmitter 13e, 13w 
which sends to the same node also has to change its position. The receiver and transmitter 
switches 39e, 39w and 33e, 33w for dianging the paths for a correct connection with another 

25 node, i.e. for receiving from and transmitting correctly to the other node, can thus be linked 
to the same triggering point, simplifying the procedure which must be executed by the control 
unit 41. It can be observed that the wavelengths blocked by the blocking filters 31e, 31w in 
each direction do not have to be changed for a flexing situation owing to the specific 
allocation of wavelragths. 

30 Some channels may not be reused in any of the directions, such node-to-node- 
corniections using two own wavelengths, which can suitably be the same waveloigth. For 
these channels it is not necessary to have duplicated demultiplexing bandpass filters included 
in the filter blocks 37e, 37w and hence the corresponding 2:1 switches 39e, 39w are not 
needed for these wavelengths. The 1:2 switches 33e, 33w for the transmitters 13e, 13w are 

35 not needed either for these wavelengths. This reduction in components may inq>rove 
reliability and cost. 

The node design according to Fig. 4 makes it possible to achieve a maximum reuse of 
wavelengths and thus a maximum waveloigth efficiency, while using a minimum amoxint of 
in-line filtering and no in-line switches. A certain wavelength is, however, not blocked in the 
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reverse direction in the receiving node. This implies that that wavelength channel will 
continue to propagate all the way to the end node and will consequendy unnecessarily take up 
part of the available dynamic range on that part of die bus, which implies a potential de- 
gradation of the transmission potential on that part. The alternative node architecture illu- 

6 strated by the block diagram of Fig. 5 can be used in order to nutigate this problem. The 
same reference mmierals as in Fig. 4 are used in Fig, 5 for identical or corresponding 
elemmts. In this node design die blocking filters 31e, 31w for die east going and west going 
traffic respectively are connected like the blocking filters 31e, 31w of Fig. 3 and are each 
arranged to block all channels that are terminated in die node, both in the east and west going 

10 directions, so diat tiie set [Xtennei> \enne2. -1 of wavelengdis blocked by ttie bandblocking 
filters 31e in die node in the east going direction contains die same wavdengdis as the s^ 
P4ennwi» \ennw2' —1 wavelengths blocked in die node by die bandblocking filters 31w in 
the west going direction. 

In Fig. 5 die node is illustrated to only receive information on a wavelengdi which 

15 for the case diat the node is connected in the standard way as an inner node is included in die 
light travelling in the eastern going direction and to reuse this wavelength. The transmitter 
13e and the receiver 11 w are adapted to transmit and receive on diis wavelength. Since a 
wavelength which is received from and is reused in one direction has to be capable of passing 
through the node on die odier fiber in the reverse direction, it is necessary to bypass die 

20 blocking filter 31e in die node for this direction. This is allowed by die introduction of 2:3 
switch 43e instead of the simpler 2:1 receiver switch 39e according to Fig. 4, this 2:3 switch 
43e being arranged to connect the pass-dirough channel to die multiplexer 35w. The two in- 
puts of the 2:3 switch 43e are connected to bandpass filters for tiiis wavelengdi included 
in each of die filter blocks 37e, 37w. The middle output tmninal of die 2:3 switch 43e is 

25 connected to die receive- lie and one of die two outer output terminals of die switch is 
connected to an input of diat one 35w of die multiplexers 35e, 35 w which has its output 
terminal coupled to die add coupler 23w for traffic in die opposite direction compared to that 
of the reused wavelengdi. Hie other outer output terminal of die 2:3 switch 43e can be con- 
nected to a monitoring device 45. In the case, where the considered node receives infimnation 

30 on die wavelength in light propagating in die east direction, as is the standard case for 
the considered node, die switch 43e is set to connect die output signal of the filter for \^ in 
die block 37e of filters for east going traffic to die receiver lie and to connect die ou^ut 
signal of die filter for ^ ^^^^ ^'^^ ^^^^ Soing traffic to die input of die 

multiplexer 35w for west going traffic. In the case where the inactive link 2 has to be 

35 changed so tiiat the same wavelength \^ has to instead be received from the opposite 
direction, i.e. is contained in die west going traffic, die switch 43e has to change its position. 
Then the output signal of die filter for X^2 ^ ^^^^ Siteis for west going traffic is 

connected to the receiver lie, whereas the output signal of the filter for in the block 37e 
of filters for east going traffic is connected to the monitoring device 45. 
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The transmitter 13e is connected through a 1:2 switch 33e to either one of the 
multiplexers 35e, 35w as in Fig. 4, the switch being in its standard state, where it receives 
information on the wavelength band around east-going traffic, connected to the 

multiplexer 35e for the traffic going in the same, eastern direction. The switches 33e, 43e are 
5 controlled by a common control unit 41. 

For each wavdength received and reused in the node there will be arranged comiponents 
corresponding to those illustrated in the lower portion of Fig. 5. In a node bdng in its 
standard state, for traffic normally going in the west direction some of the componwits will 
have a mirrored construction and mirrored connection compared to what is shown and the 
to switches will be set in opposite positions compared to those illustrated in Fig. 5. 

The efficient allocation of wavelengths for a self-healing network has been discussed 
above in conjunction with Fig. 6. Generally, for a certain traffic donand, a number of 
different solutions to the allocation of wavelengths requiring a minimum total number of 
wavdengths may often be found. In searching for a good solution it may often be helpfiil to 
15 utilize the basic symmetry of the two directions resulting from the bi-directionality of the 
connections. 

Achievable network capacities and wavelength efficiency are as follows. Consider a 
situation when there are N nodes and the available number of wavelengths in the networic are 
N)^. For the flexible ring structure having simple nodes as illustrated in Fig. 2, the maximum 
20 number of connections are then equal to Nj^, independently of the type of traffic, that is 
whether it is a hubbed, meshed or adjacent traffic demand. The required number of 
wavelengths allowing communication between all N nodes (the "full mesh" traffic situation) is 
given by N(N - l)/2. 

For nodes having the complex architecture as indicated in Figs. 4 or 5, the possible 
26 number of connections, will dq>rad on the traffic demands as follows: 

Nj. = Nx for hubbed traffic (where e.g. one node is the "hub") 

« 2 Nx for fiilly meshed traffic (traffic b^een all nodes) 

Nj. = N-Nx/2 for purely adjacent traffic demands (traffic only betwem 

ndghbouring nodes) 

30 Hie necessary number of wavelengths for a full mesh of N nodes is givai by: 
Nx = N^/4 for N ev«i 

Nx = (N^ - l)/4 for N odd 

An add/drop node has thus been described, which when used in a self-healing annular 
network allows an efficient wavelength allocation and an efficient use of the dynamic range. 
35 It has a minimum of in-line components which otherwise could degrade signals passing 
through the node in an uninterrupted way. 
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CLAIMS 

1. An add/drop node arranged to be connected in an optical fiber WDM network, the 
network having a ring configuration of two fibers carrying light signals in opposite directions, 
the network comprising links connecting ndghboxuing nodes, the network always having one 

5 inactive link carrying no light signals and being arranged to allow that the inactive link is 
made active and another link is made inactive, the network carrying light signals in a 
plurality of separate wavelength bands, the add/drop node comprising drop couplers and add 
couplers for each direction for taking out a share of the signals at the add/drop node and for 
adding signals in the add/drop node respectively and further comprising receivers for 

10 receiving light signals in wavelength bands in the add/drop node and transmitters for 
transmitting light signals in wavelength bands from the add/drop node into the network, the 
add/drop node further comprising a band blocking filter arranged between a drop coupler and 
an add coupler for blocking in one direction all wavelengths which are received and/or 
terminated in the node from that direction, characterized by at least one switch, the least one 

15 switch being connected according to one of the following cases: 

- to a receiver and the drop couplers for allowing the receiver to receive from eithex one of 
the two opposite directions, or 

- to a transmitter and the add couplers for allowing the transmitter to transmit in either one of 
the two opposite directions. 

20 2. An add/drop node according to claim 1, characterized in that the band blocking 
filter is arranged to block all wavelengths which are received in the node from either 
direction and are reused in the node. 

3. An add/drop node according to claim 2, diaracterized by switching means for 
letting in one position of the switching means a wavelength pass through the node, 

26 substantially imaffected, in a first direction, the same wavelength being received from a 
second direction opposite to the first one, the switching means in another position blocking 
the wavelength as received from the second direction. 

4. An add/drop node according to claim 3, characterized in that the switching means 
for receiving on a wavelength band in a direction comprises a 2:3 switch having its inputs 

30 connected to bandpass filters for the wavelength band, each bandpass filter being connected to 
a drop coupler, so that they recdve light firom opposite directions. 

5. An add/drop node according to any of claims 3-4, characterized in that the 
switching means for receiving on a wavelength band in a first direction comprises a 2:3 
switch having one of its outputs connected to a receiver for the wavelength band and another 

35 ou^ut connected to an add coupler for light signals in a second direction opposite to the first 
one. 

6. An optical fiber WDM network having a ring configuration of two fibers carrying 
light signals in opposite directions, the network including a plurality of nodes and links 
connecting neighbouring nodes, the network always having one inactive link carrying no light 
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signals and being arranged to allow that the inactive link is made active and another link is 
made inactive, the network carrying information in a plurality of separate wavelength bands, 
the nodes comprising drop couplers and add couplers for each direction for taking out a share 
of signals at the nodes and adding signals in the nodes respectively and receivers for receiving 

5 light signals in wavelength bands in the node and transmitters for transmitting light signals in 
wavelength bands from the nodes into the network, characterized in that the nodes are 
arranged to use at least one wavelragth band in such a way diat the wavelength band is used 
by at least two separate first nodes for transmitting to second nodes, which are different from 
each other, in a first direction and is used by only one third node to transmit to a fourth node 

10 in a second direction opposite to the first direction. 

7. An optical fiber WDM network according to claim 6, in which a transmission span is 
the piece of the network between a node transmitting information in a wavelragth band and 
another node recdving the information on the same wavelength band, characterized in that 
the transmission spans of the at least two separate first nodes for the wavelength band in the 

16 first direction do not overlap each other. 

8. An optical fiber WDM network according to any of claims 6 - 7, in which a 
transmission span is the piece of the network between a node transmitting information in a 
wavelength band and another node receiving the information on the same wavelMgth band, 
characterized in that the transmission span of the third node for the wavelength band in the 

20 second direction extends over the spans of the at least two separate first nodes for the 
wavelength band in the first direction. 



wo 99/65164 



1/6 



PCT/SE99/00993 




wo 99/65164 



PCT/SE99/00993 




wo 99/65164 



PCT/SE99/00993 



3/6 




wo 99/65164 



5/6 



PCTySE99/00993 




wo 99/65164 



6/6 



PCT/SE99/00993 




